*This paper presents a fast computer aided design method for filters based on model correction technique. Through the simulation of the submodels, the fitting formulas between the structure sizes and the coefficients can be determined. By pre-approved fitting formulas, the iterative correction is carried out on the filter structure sizes until the performance meets the specification. A design example is provided to explain the whole procedures. Simulation results agree well with the theoretical synthesis results which confirm the validity of the proposed method.
INTRODUCTION
The classical microwave filter design method usually includes three procedures. First, the coupling matrix is obtained according to the filter specification [1, 2] . Second, it is to determine the initial structural dimensions of the filter based on the Eigen mode method and the reflection delay method [3, 4] . Last, the optimisation by full wave simulation is always needed to make the filter response meet the specification. The full wave optimization of the filter is time-consuming and the results are not easy to converge.
The space mapping algorithm [5, 6] , has been widely used in the design of microwave passive devices in recent years. In this method, the time-consuming full wave simulation optimization is transferred to the model optimization of rough space. Because of the short time of model optimization in rough space, the optimization time is remarkably shortened. However, because of the nonlinear mapping relationship between rough space and fine space and the uniqueness of the parameter extraction results, the method is not effective in the design of complex structures [7, 8] .
This paper presents a fast computer aided method for filters based on model correction technique. After the coupling coefficients of the filter are extracted by the admittance matrix Y parameters, the information of the filter structure size is obtained by iterative correction process. The iterative process is continued until filter response meets the specification and finally the structure sizes of filter are determined.
FUNDAMENTAL THEORY

Coupling Coefficient Extraction
According to the circuit theory, the admittance matrix Y parameters of a reciprocal passive network with two ports are as follows: (1) Figure 1 shows the equivalent circuit. The circuit model in Figure 1 is deformed into the model in Figure 2 . The ABCD parameters of the three components marked by the dotted line are determined as follows: 
If the elements in the network are reactive elements, it is easy to obtain the following relationship:
Formula (3) implies the inverter model with the characteristic admittance J. From the above deduction, it is concluded that the network marked by dotted line in Figure 2 can be equivalent to an inverter with the characteristic admittance J. The derivation process is independent of frequency and can be applied to all frequencies. It is straightforward to extend the model of Figure 2 to the model of Figure 3 . The admittance on both sides of the two port network is a function of frequency. The model of Figure 3 can correspond to a two resonant cavity model. According to the definition of the coupling coefficient of the coupling cavity:
The parameters in formula (4) can be represented by the admittance Y parameter and the formula of the coupling coefficient is introduced:
Further, according to the physical meaning of the admittance Y parameter, if the resonant cavity is resonant, the imaginary part of the corresponding admittance Y parameter is equal to 0. So, the expressions of the resonant frequency of the cavity can be obtained:
So far, we have deduced the formula of coupling coefficient and resonant cavity frequency with admittance Y parameters of circuit. From the above formulas, as long as admittance Y parameter is known, we can calculate the coupling coefficient and resonant frequency at one time. The above method applies not only to the two resonant cavity situation, also suitable for multi-resonant cavity situation.
Model Correction Technique
After applying the admittance Y parameter method to obtain the coupling coefficient and the resonant frequency of the filter, the most important problem is now to determine the structure size of the filter. Firstly, the relationship between the resonant frequency of single cavity and the tuning screw is simulated by simulation software. The relationship between the coupling coefficient of the cavity and the insertion depth of the coupling screw is calculated by using the double cavity Eigen mode method. After getting the fitting function relation, the theoretical value of each cavity is obtained by the value of the matrix synthesis theory.
According to the above theoretical dimensions, the full wave model of the filter is established, and the simulation of the whole cavity is carried out. The coupling coefficient and the resonant frequency information are extracted by the admittance Y parameter method. Because the cavity in the simulation, the mutual influence of the cavity, the extraction value of the coupling coefficient of resonant frequency is not exactly same with the theoretical value. Then, the difference is determined by the formula (7): EXAMPLE A fourth-degree Chebyshev filter with 21-dB return loss is demonstrated as an example. The center frequency 0 f is 1 GHz and the FBW is 2.19%. Firstly, the coupling coefficients are obtained: M12=M34=0.0205, M23=0.0156. The Q value is to 40.7387. All resonant frequencies are equal to 1 GHz. These parameters are the optimal theoretical values of rough space. Because of the symmetrical structure of the filter, there are 5 parameters that need to be adjusted, which are shown in Figure 4 . Figure 6 shows the final response of the filter size and the theoretical design response after the 4 iterations. It can be seen that the filter response is very close to the response of the theoretical model. The sizes of the filter during iteration are shown in Table 1 . 
CONCLUSION
The design efficiency of the filter is improved by combining the coupling coefficient extraction method of the equivalent circuit Y parameters and the model correction technique. An example of a 4 cavity coaxial filter is used to verify the correctness and effectiveness of the proposed method. This method can also be applied to the design of other kinds of filters, such as cross coupled resonator filters and so on. 
